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@) Area searching system.

@ A system for searching a predetermined bound-
ary of a closed pattern comprises a memory for
storing data of a given closed pattern, and a reading
unit for sequentially reading each pair of vertically
adjacent words of each pair of vertically adjacent
lines of the given closed pattern from the memory in

-the same reading direction. A search unit receives

the pair of vertically adjacent words from the reading
unit for searching a boundary in each of the pair of
vertically adjacent words and for generating data
indicative of a position of a found boundary for each
of the pair of vertically adjacent words. A compari-
son unit receives the boundary position data of the
each pair of vertically adjacent words so as to judge
in which of the vertically adjacent words the bound-
ary is found earlier than the other. A processing unit
coupled to the comparison unit determines whether
or not the found boundary is the predetermined
boundary.
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AREA SEARCHING SYSTEM

Background ‘of the Invention
Field of the invention

The present invention relates to a pattern pro-
cessing system and more specifically to an area
searching system used in a processing for painting
the inside of a closed area or contour of a drawn
pattern.

Description of related art

Heretofore, pattern processing systems having
a graphic drawing function, such as so called per-
sonal computers, have been required to have a
function of painting an inside of a closed area or
contour of a drawn pattern at a high speed. In a
general case, the drawn pattern is stored in a
memory, and therefore, the closed area io be
painted is detected by searching a content of the
memory.

A conventional method has been effective in
detecting an area io be painted in the case of a
simpie configuration of closed pattern, but has
needed a long time for searching in the case of a
complicated configuration of closed pattern such as
a pattern having therein ancther closed pattern.

Summary of the Invention

Accordingly, it is an object of the present in-
vention to provide an area searching system which
has overcome the above mentioned defect of the
conventional one.

Another object of the present invention is to
provide an area searching system capable of
searching an area to be painted at a high speed
even in the case of a complicated configuration of
closed pattern

Still another object of the present invention is
o provide an area searching system which is ca-
pable of searching an area to be painted in the
case of a complicated configuration of closed pat-
tern at a high speed and with a small number of
additional circuits.

The above and other objects of the present
invention are achieved in accordance with the
present invention by a system for searching a
predetermined boundary of a closed pattern com-
prising 2 memory for storing data of a given closed
paitern, a reading unit for sequentially reading each
pair of vertically adjacent words of each pair of
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vertically adjacent lines of the given closed pattern
from the memory in the same reading direction, a
search unit receiving the pair of vertically adjacent
words from the reading unit for searching a bound-
ary in each of the pair of verticaily adjacent words
and for generating data indicative of a position of a
boundary found in each of the pair of vertically
adjacent words, a comparison unit receiving the
boundary position data of the each pair of vertically
adjacent words so as to judge in which of the
vertically adjacent words the boundary is found
earlier than the other, and a processing unit coup-
led to the comparison unit for determining whether
or not the found boundary is the predetermined
boundary.

Specifically, the search unit firstly conducts a
boundary search for both of the pair of vertically
adjacent words by detecting a change of a first
logic value to a second logic value in the data
reading direction, and after a boundary is found in
a first line of the pair of vertically adjacent lines,
the search unit executes a boundary search for a
word of the first line in which the boundary has
already been found, by detecting a change of the
second logic value to the first logic value in the
data reading direction, and on the other hand, the
search unit continues the boundary search per-
formed by detecting a change of the first logic
value to the second logic value in the data reading
direction, for a word of the other line in which the
boundary has not yet been found. After the first
mentioned boundary is found in the first line, if a
second boundary is found again in a word of the
first line, the processing unit controls the searching
unit to cause it to conduct, for a word of the first
line again, the boundary search performed by de-
tecting a change of the first logic value to the
second logic value in the data reading direction. A
boundary of the first line found thereafter is judged
to be the predetermined boundary.

The above and other objects, features and ad-
vantages of the present invention will be apparent
from the following description of a preferred em-
bodiment of the invention with reference to the
accompanying drawings.

Brief Description of the Drawings

Figure 1A, 1B and 1C iilustrate a principle of
searching an area to be painted;

Figure 2A, 2B and 2C illusirate a conven-
tional manner of searching an area to be painted;

&
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Figure 3 is a biock diagram of an embodi-
ment of the area searching system in accordance
with the present invention;

Figure 4A, 4B and 4C illustrate a first man-
ner in accordance with the present invention for
searching an area {o be painted; and

Figure 5A, 5B and 5C illusirate a second
manner in accordance with the present invention
for searching an area to be painted.

Description of the Preferred embodiment

First, one example of painting an internal are of
a closed pattern will be described with reference to
Figure 1A, 1B and 1C which illustrate a principle of
searching an area to be painted. The simplest
example of painting an internal area of a closed
pattern can be exemplified by a case of painting an
internal area of a perfectly closed rectangle as
shown in Figure 1A. In Figure 1A, the area of
painted is haiched. The pattern information indi-
cated in a CRT as shown in Figure 1A is stored in
a memory mapped in the form of a two dimen-
sional plane. Therefore, in the case shown in Fig-
ure 1A, bits corresponding to the rectangle area
are written with "0", and the other bits are written
with "1". In the case of searching the area to be
painted, a search starting point is set to any point
within the rectangular area, and then the bit in-
formation is sequentially read out from the memory
in a leftward or rightward direction from the search
starting point so that a discrimination is made on
whether the read-out bit information is "1" or "0".
In the shown example, since the edge or contour of
the rectangle is "1", a position where the bit in-
formation read out of the memory first becomes
"1" is a boundary.

In the prior art, the above mentioned search is
made for each one line (i.e., each one horizontal
scan line). In addition, since it takes a long time if
the information is read out bit by bit and the
discrimination is made bit by bit, the conventional
system is adapted to read the information in a unit
of one word (for exampie 16 bits) and o execute
the boundary search in a unit of word.

In the case of painting the whole of the internal
area of the simple rectangle as shown in Figure 1A,
the above mentioned conventional method for
searching the area can be used without significant
probiems. However, in the case of perfectly paint-
ing an internal area of a closed pattern having
therein another small closed area but excluding the
internal small area, the above mentioned method is
not so effective. For example, assume that bits
corresponding to an internal space of a large rec-
tangle area are written with "0", and the other hits
corresponding to the outside area of the large
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rectangle and an internal space of a small rectan-
gle area are written with "1". Also assume that the
search starting point is set to A point in Figure 1B
and the search is conducted in a leftward direction.

" In this case, the bit information of "1" is detected

at a rightside edge of the smalil ares, and therefore,
a boundary which is different from a boundary to
be detected is erroneously recognized. As a resuit,
an mistaken area is painted as shown in Figure 1C.

In order to avoid the above mentioned inconve-
nience, the following method has been proposed
and reduced into practice. If explanation will be
made with reference to an example shown in Fig-
ure 2 and on assumption that the search is con-
ducted in a leftward direction in Figure 2. Here, a
search for detecting how long the "0" bits continue
from the search starting point in the leftward direc-
tion is called a "1/0 boundary search”, and a
search for detecting a position of appearance of
"0" bit in the leftward direction while neglecting a
continuation of "1" bits is called a "0/1 boundary
search". In addition, each of small blocks given the
circled numbers in Figure 2 corresponds to one
word of the memory.

In the example shown in Figure 2A, information
is read out of the memory from a word 1 including
the search starting point S for a first line, and a
discrimination is made about whether the read in-
formation is "1" or "0". if "1" is found, the search
is completed. But, in this example, since all the bits
of the block has "0", the "1/0 boundary search" is
conducted leftwardly from the search starting point
S. As a resuit, a next word 2 is read out and the
search is conducted. Then, a boundary point B is
found.

Next, the search goes to the leftward direction
search for a second line just above the first line.
First, 2 word 3 on the second line vertically cor-
responding to the block including the starting point
S is read out of the memory, and a discrimination
is made about whether the read information is "1"
or "0". ¥ ™" is found, the search goes to the
rightward direction search. But, in this example,
since all bits of the word 3 are "0", the "1/0
boundary search” is conducted in a lefiward direc-
tion. Namely, words 4, 5 and 6 are sequentially
read out of the memory, and the search for "1" is
conducted. As seen from Figure 2A, a boundary B
is found in the word 6.

Here, whether or not an interval between the
boundaries A and B is examined. If the interval is
long, there is a possibility that an area which is not
needed to be painted exists between the bound-
aries A and B. Therefore, the search returns to the
first line so that words for the first line are read out
from the word 2 including the boundary A, and the
"0/1 boundary search" is conducted from a bit
leftwardly adjacent to the point A. If the boundary
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is not found in the word 2, the leftwardly adjacent
word 7 is read and then a similar search is re-
peated. As a result, as shown in Figure 2B, if a
boundary C is found when a word 8 is read and the
boundary C exists between the boundaries A and
B, it is judged that the point A is not a boundary to
be detected for the first line. Accordingly, the
search, i.e., the "1/0 boundary search" is started
again for the first line. Consequentially, a correct
boundary D is found.

On the other hand, if the words 7 to 11 are
sequentially read as shown in Figure 2C so that the
"0/1 boundary search” is repeated and then a
boundary C is found at a leftside of the boundary
B, it is judged that the boundary A is a correct
boundary. Therefore, the lefiward search is com-

pleted and the search goes to the rightward search.
’ As seen from the above, the conventional
search method is required to continue to the
search until "1" or "0" is found in the "1/0 bound-
ary search" or in the "0/1 boundary search", re-
spectively. In addition, a vain search is often ex-
ecuted as in the case shown in Figure 2C. The
search for the words 7 to 11 shown in Figure 2C is
not required if it had been previously known that a
further search for the first line is no longer neces-
sary when the boundary B is found for the second
line. In other words, the conventional method has
required a long time for search, resuliing in a long
time of the painting processing.

Further, although the word 2 was read in the
first search for the first line, the word 2 is read
again in the second search for the same first line.
This needs an additional read cycle of the memory.
In order to awvoid the inconvenience, it can be
considered to retain the data already read out of
the memory. However, this is not so practical,
since a large number of registers are required.

Turning fo Figure 3 there-is shown a block
diagram of an embodiment of the area searching
system in accordance with the present invention.

The shown system comprises a processing
unit 10 for supplying and receiving data from ele-
ments explained below and for conirolling those
elements. First, the processing unit 10 outputs a
control signal 20 to a data reading unit 12 and
sends and receives data from the data reading unit
12 via a bus 30. The data reading unit 12 outputs a
read signal 22 to an associated memory 14 storing
a pattern information, and reads out two words of
data vertically adjacent to each other from the
memory -14 via a bus 32. The data reading unit 12
outputs the two read-out words of data via a bus 34
to a search unit 16 for searching a boundary of "1"
to "0" and/or a boundary of "0" to ™1" within the
two input words. This search unit 16 is coupled to
the processing unit 10 via a bus 36, and is con-
trolled by a control signal 24 from the processing
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unit 10, so as fo output information indicative of a
position of a boundary found in each of the two
words. This boundary position information is input-
ted via bus 38 to a comparison unit 18 which is
alse coupled to the processing unit 10 via a bus
40. This comparison unit 18 is controlled by a
signal 26 from the processing unit 10 for detecting
in which of the two vertically adjacent words the
boundary is found earlier than the other.

Now, operation of the shown system will be
described with reference to Figure 4 which illus-
trates a case similar to the case shown in Figure 2
for making it easier to understand the feature and
the advantage of the shown embodiment. Here, a
line in which a search starting point lies is called a
"first line”, and a line just above or vertically up-
wardly adjacent to the first line is called a "second
line". Further, such a search that the "1/0 boundary
search” is_conducted for the first line and the "1/0
boundary search” is conducted for the second line
is called a "1/0-1/0 boundary search”. In addition,
another search that the "0/1 boundary search” is
conducted for the first line and the "1/0 boundary
search™ is conducted for the second line is called
a "0/1-1/0 boundary search”.

First, since both a word 1 including the search
starting point S and a word 2 just above the word 1
are all "0" in the example shown in Figure 4A, the
search is started with- the "1/0-1/0 boundary
search”. Namely, the reading unit 12 reads out the
word 1 of the first line including the starting point S
and the word 2 verticaily corresponding to the first
word 1, and then outputs these read-out words to
the search unit 16. The search unit 16 then con-
ducts the "1/0-1/0 boundary search™ for the two
inputted words. in the example shown in Figure 4A,
since "1~ is not found in any of the two words, the
reading unit 12 reads out next two words 3 and 4,
so that the same search is conducted. At this time,
a boundary A is found in the word 3 for the first
line.

This is notified to the processing unit 10, which
in turn controls the search unit 16 to cause it to
conduct the "0/1-1/0 boundary search” for the third
and fourth words 3 and 4 in the leftward direction
search from the A point. In this example, the
boundary is not found in the words 3 and 4. There-
fore, a further next pair of words 5 and 6 are read
out and the "0/1-1/0 boundary search™ is con-
ducted. Succeedingly, a pair of words 7 and 8 are
read out and the "0/1-1/0 boundary search" is
conducted.

At this time, a boundary C is found in the word
7 for the first line and a boundary B is found in the
word 8 for the second line as shown in Figure 4B.
The position information of the found boundaries
are examined by the comparison unit 18. Since the
C point is positioned at the right side of the B
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point, it can be judged that the C point is not a
correct boundary for the first line (the most leftward
boundary).

On the other hand, if a boundary is not found
in the word 7 but the boundary B is found in only
the word 8 as shown in Figure 4C, the A point is
judged to be the most leftward boundary for the
first line, and then, the leftward search is com-
pleted.

In the example shown in Figure 4B, the first
and second lines have the leftward boundary at the
same position as shown, and a boundary D for the
first line is found at the same time when the
boundary B is found.

If a correct boundary for the first line is found
between the C point and the B point, the boundary
thus found can be deemed to be a correct bound-
ary for the first line. Otherwise, the above men-
tioned processing can be repeated.

Further, if a correct boundary for the first line is
positioned at a leftside of the B point, the correct
boundary can be found if the "1/0 boundary
search™ is conducted for only the first line by
masking the data for the second line at a leftside of
the B point.

In above mentioned example shown in Figure
4, the first line has an area which should not be
painted. But, the system shown in Figure 3 can
effectively search an area to be painted even in the
case that the second line has an area which shouid
not be painted.

Next, with reference to Figure 5, a leftward
searching operation of the area searching system
will be explained in the case of searching the area
to be painted when the second line has an area
which should not be painted.

Here, such a search that the "1/Q0 boundary
search™ is conducted for the first line and the "1/0
boundary search" is conducted for the second line
is called a "1/0-1/0 boundary search”, similarly to
the case explained with reference to Figure 4. In
addition, another search that the "1/0 boundary
search” is conducted for the first line and the "0/
boundary search"” is conducted for the second line
is cailed a "0/1-1/0 boundary search".

In this example, until the words 3 and 4 are
read out, an operation similar to the first case

shown in Figure 4 is exscuted. Therefore, operation '

will be described after the words 3 and 4 are read
out.

As shown in Figure 8A, the "1/0-1/0 boundary
search” is carried out for the read-out words 3 and
4. As a result, a boundary A is found in the word 4
for the second line.

Thereafter, the "0/1-1/0 boundary search" is
executed from the data at the leftside of the point
A. But, in the example shown in Figure 5, since a
boundary does not exist in the word 3 and 4, a
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next pair of words 5 and 6 are read out and the
"0/1-1/0 boundary search" is conducted. Suc-
ceedingly, a pair of words 7 and 8 are read out and
the "0/1-1/0 boundary search” is conducted.

At this time, if a boundary C is found in the
word 8 for the second line and a boundary B is
found in the word 7 for the first line as shown in
Figure 5B, the position information of the found
boundaries are examined by the comparison unit
18. Since the C point is positioned at the right side
of the B point, it can be judged that the C point is
not a correct boundary for the second line.

On the other hand, if a boundary is not found
in the word 8 but the boundary B is found in only
the word 7 as shown in Figure 5C, the A point is
judged to be the the most leftward boundary for
the second line, and then, the leftward search is
completed. '

As seen from the above mentioned examples,
the system in accordance with the present inven-
tion is so constructed to read a pair of words
vertically adjacent to each other and to search a
boundary in the read-out words at the same time,
so that the positions of the found boundaries of the
vertically adjacent lines are compared. With this
simple processing, a boundary to be not detected
or recognized, which would exists in respective
words, can be easily discriminated.

Further, since the search is concurrently made
for each two vertically adjacent words of each two
vertically adjacent lines), a vain search will not be
conducted, and therefore, a speed processing can
be realized.

Particularly, in the case that the system is used
for perfectly painting an internal area of any closed
pattern, the time for searching all the internal area
will substantially determine the speed of an overall
processing. Therefore, the present invention can
exert a great advantage in such a case.

Incidentally, in the above mentioned examples
shown in Figure 4B and 5B, the boundary of the
area io be not painted can be detected, and there-
fore, area to be not painted can be defined from
the detected boundaries of the area to be not
painted

The invention has thus been shown and de-
scribed with reference to the specific embodi-
ments. However, it shouild be noted that the
present invention is in no way limited to the details
of the illustrated structures but changes and modi-
fications may be made within the scope of the
appended claims.
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Claims

1. A system for searching a predetermined
boundary of a closed pattern comprising 2 memory
for storing data of a given closed pattern, a reading
unit for sequentially reading each pair of vertically
adjacent words of each pair of vertically adjacent
lines of the given closed paitern from the memory
in the same reading direction, a search unit receiv-
ing the pair of vertically adjacent words from the
reading unit for searching a boundary in each of

the pair of vertically adjacent words and for gen- )

erating data indicative of a position of a boundary
found in each of the pair of vertically adjacent
words, a comparison unit receiving the boundary
position data of the each pair of vertically adjacent
words so as to judge in which of the vertically
adjacent words the boundary is found earlier than
the other, and a processing unit coupled to the
comparison unit for determining whether or not the
found boundary is the predetermined boundary.

2. A system claimed in Claim 1 wherein the
search unit firstly conducts a boundary search for
both of the pair of veriically adjacent words by
detecting a change of a first logic value to a
second logic value in the data reading direction,
and after a boundary is found in a first line of the
pair of vertically adjacent lines, the search unit
executes a boundary search for a word of the first
line in which the boundary has aiready been found,
by detecting a change of the second logic vaiue to
the first logic value in the data reading direction,
and on the other hand, the search unit continues
the boundary search performed by detecting a
change of the first logic vaiue to the second logic
value in the data reading direction, for a word of
the other line in which the boundary has not yet
been found.

3. A system claimed in Claim 2 wherein after
the first mentioned boundary is found in the first
line, if a second boundary is found again in a word
of the first line, the processing unit controls the
searching unit {o cause it o conduct, for a word of
the first line again, the boundary search performed
by detecting a change of the first logic value to the
second logic value in the data reading direction, a
boundary of the first line found thereafter being
judged to be the predetermined boundary.
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